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Abstract: Field experiments were conducted to study dynamics of soil microbial biomass N ( MBN) and soil enzyme
activities including urease, dehydrogenase, catalase and protease activities, and correlations with soil nutrients and N
uptake of rice in rice-duck and rice-fish ecosystems from May to September in 2007. The experiment field was averagely
divided into nine plots for three different treatments, and the three experimental treatments were (1) conventional rice field
(CK), (2) rice-duck ecosystem (RD) and (3) rice-fish ecosystem ( RF). The results showed that RD and RF could

enhance soil MBN content and urease, dehydrogenase and protease activity but not affected catalase activity. During rice
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growth, soil MBN content increased firstly after transplantation, and subsequently decreased and slightly increased at rice
autumn. The soil enzymes activities ascended at the early stage and then declined slightly except that catalase activity
slightly changed. Linear regression analysis showed that no close correlations existed between soil MBN and soil enzymes
activities, soil nutrients ( available N (NH, + NO, ), total N and total P) and N uptake of rice, and between soil
enzymes activities and soil total N and total P. Moreover, Soil urease and dehydrogenase activities were closely related to

soil available N, and N uptake of rice was closely related to soil urease, dehydrogenase and protease activities.
Key Words: rice-duck; rice-fish ecosystem; soil microbial biomass N; soil enzymes; dynamics; N uptake; correlations

TEMEYRE TEEVYINMERFMER RS REENERDY , B RBUR B R Y B R
R P, BRMAEMEN R RSN 1% ~5% B ERHHEPRNTERN N E  F2m
#HHETHL N AREAH KT . Hi, DEMEYE NHIEXNTEBRAESREN SR THLAEE
BEWMEN, HEME—MEETHEMERNEOR, kK8 IERAEY EYASYTE R SRR, R 1 IEEL
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Hok =Y RmSaye N Bz —" kBIERETRELZHNINES T, BRE TR, ETiE
Ml IR Y B A R TE

MaEAE SRR REE AR TER—FMRFER, B 1700 248652, URERANE
HIATRE B AR, B — TR B KRS B A SRR EAREE " AR EFR MR
il bR BERN—FESFATR, IRCEURNIME ARG BB F M E MM, AT HA
MFER EAEAR ARG HIEMAEYE N A RS S 4h ¥ R R , B A SCGE i R
R TN BEaXEAESRE L EMAEYE N L IEREENSIDB U AR S BRI AEDR N
XKk, S AE A T R A T RS RS (AR A R AR AL A K TR
2 #HR5FEE
2.1 e s R 14

AR TF 2007 4£ 5 A 2 9 BEEP R KFRB R GHAT, 5iE K, L IRy s
TIRYRFHAREL, $Z1E 20 cm, T8 10 cm BHAYRZE KN EFEFEA 1.5 m LT, HER
BE AN 42 NL.09 g-kg™' , & P1.17 g-kg™' , WK 16.76 g-kg ' , AR 12.1 mg-kg ™', A5 0.52
mg-kg™', +3% pH {84 6.8,

2.2 B e

RS R L3S L (Oryza sativa L. ) ,§5F R4 5KB ( Tadorna ) , £ R84 ( Carassius auratus gibelio)
2.3 HEEENREHE
2.3.1 REg

R AT 1260 m*, 53 9 ADX,E/RK 140 m®, #3 AMEHEL AR 1AM AMA (CK) ;4081 .
HHE 6 K (RD, LIG AR 450 RAME AbRiE) s AT : B 200 45814 (RF) . &/ DXFENLX AT, 3
KEE,

2.3.2 Mg

5 A 25 B HREE TR E G 4d MZEIE (JRE)225kg N-bm ™ 2 KR4 KBIRIAFBIE, 2007 4 5
A 31 H##, 8 666. 7Tm* 15000 7%, &5 1 &,9 A 8 HukEl,

/NX R FR VR LR B I, BB R R, B AR FEOK BB IR . B FFS BV, 3R 30 om, B8 40 em, ST FFHFA/DKX,
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FREFH(6 B 14 H)HA 200 BEE (K4S em), 3T 8 A 20 HYIE, 57 & #116) H 8 K 4 B2 10em 3K,
St FFRRE AR, /N X LA 4 H5 MR JB. 45 22 9 ¥ FE Rk FEL G , BB AR08 0 0.6 ~0. 8 m, AR b . /KRS LA SEAEAT
(26.6 cm x16.7 cm) #if, K/ X B LATRAKERE (T KES em) . KREBREEN B 1S HRHSE
WG, FEFRME/NX — AT HE — B, LUGERS TR A AR (3 B B9 B LR ARS R BRI s RN
RREPIXGAEE, B AL AR, EEAS HEK 60.2% , TH 27% , £k 2% , 380 4% 501 3% B A4S
1.3% i85 1.2% , 225 0.3% , A5 1% ) s 7EKRESFREA (8 A 20 H ) ehs 7, 7E 0L I RS ms SE Rl A &, HL,
JERE AR . TEKRE LT, B/ BRI A M, HAR LIS 555 /K —3,
2.4 HIEERER B

KRR N ST S HRkek, TAERENG6 A1 HE, BB 7 ~9d R 1 Wk, HRERBHER 0 ~20 cm %
+,IB5, B E SR EATRAE; A TS5 MKBRA(EERA) , BERA L 1, M THRE, BRE
& TERKS N &,

+3%4 NP itk N &8 Rk H,90, + HCI0, fiik H,S0, + H,0, 4 4k-FIAstar5000 #4235 3512
PRI 5 1 3A R N(NH, +NO; ) & 2 2 mol-L™" KCl 8 #2-FIAstar5000 345 RS SAHFE ™ 5 +
JeisE B N A E,0.5 mol-L™" K, S0, 25, £ /LA FlAstarS000 ¥R S e s 14
FRBE TSP B S UBE M S EAL RIS AR A RS HRCR R R B a3k TTC Wk B PR T Bk A0
B =l e,

KABRHE N 2 4KE N &S5 FYRENTRR,

R 2 R LERIEE 3 WE R TP E SRR FER, R HIE R AT SPSS11. 5 -4 it
3o
3 48
3.1 HEMEWEN

BN AR LEME YR N SERes 0T
B 4 » Y . Z ‘QD
fE. KFEREFRGE 2 H, LEEAEYE N REAS, B 1@;» 25 -
Z|if(& (CK,26. 15 mg-kg™'; RD,28. 31 mg-kg";RF, g;fg:
28.85 mg-ke ™) s HURBNIMARET T4 M, 520
mﬁﬁlﬁlﬂo ME 1 ﬁﬁu%ﬂj ,CK i%ﬁi%ﬁ N ’f& “ 0 1 1 1 I I I I 1 1 ! I I |
o 06-01 06-16 07-01 07-15 07-30 08-13 08-27

FRD fil RF; CK + 348 N ¥HE N (20.86 + 06-09 0624 0708 07-23 0806 0820 09-07
4.88) mg-kg™', B RD((22.68 +4.57) mg-kg™") ¥ H Sampling date
92% (p <0.05) 1 RF ((22.40 +4.85) mg-kg™') i B 1 2007 GRS L MR TR N L
93% (p <0.05), Fig.1 Variations of soil MBN in paddy fields(2007)
3.2 T

B 2 =0, KREBRE A, LEREEEEESA S, IFE 7 B 1 HBARKME, 15 8 BRI R
R, FEMIRIHA RIS/ IME . KT B H, CK +IEARME TS M (8 % (0. 63 £0.25) mg-kg™', BEMKT
RD 13% (p <0.01) 1 RF 8% (p <0.05) ,

IR EEE LS IREE AR, BPEERE 1 N A B T R IR A B R, B Ja s T R 3
IR e , TEBUR FEZBU/MA(E 3) . ZEKTER4 T, RD 1 RF 138 LS BE M- 33{E 55 3 (14. 66 +
6.08)g-kg ' f1(14.16 +5.98) g-kg™', BT CK #17% (p <0.01) F 13% (p <0.01)

K 4 20, 2KREL4 T, Ot S SRS A B KA E, 76 0. 12 ~0. 18 ml-g ™' P 3h;3 o4k
R S AL SRS A, EIE 4 FI(0.15 £0.02),(0.15 £0.02) ml-g "' F1(0.14 £0.02) ml-g~',

65 H 4 8 A T 3 A R S IR M A I S TS M LB R A AR, IR G BT A= ,7 A 8
H B3R 0608 , S IR 75 e A B S B T 1 B R 0B B 4R T 1 J&; S B W R AR, 76 BB AL F8RME (B
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5). CK & EMIE A BIE M (1.52 £0.77) mg-g™', BE{LTF RD 14% (p <0.01)F1 RF 10% (p <0.01) ,
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H,E 2 tén i Fa;q Tame By A R ﬂ 2
2oz m fEd [lE il I i il @ S
=g o5 [ 7 (1] & 5
8 © i ' ' = T4 JLW %D
il i &
= 90 | ], >
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H#i Sampling date
R ping H #f Sampling date

B2 2007 455 H L RIRBEE HE 2L
Fig.2 Variations of soil urease activity in paddy fields(2007)

B3 2007 445 B - B S G R 2L
Fig.3 Variations of soil dehydrogenase activity in paddy fields(2007)

T OCK ERD ORF 40
= 021 o 35
et #F ko 30
mEg 017 A =g P25
B3 i || il g5 2.0
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sl
Bna g 0,05 ULERLLER (el | el Bl | B | 0
— 06-01 06-16 07-01 07-15
IS 06-09 06-24 07-08 07-23 08-06 08-20 09-07 06-09 06-24 07-08 07-23 08-06 08-20 09-07
H # Sampling date H # Sampling date
B4 2007 sER5H - G EAL SIS R B B 5 2007 445 H 9078 B BEE e R 1L
Fig.4 Variations of soil catalase activity in paddy fields(2007) Fig.5 Variations of soil protease activity in paddy fields(2007)
3.3 KMEHEN

R1IHHM,AEHOG A1 HRZG6 A 16 H) , KBAEKEE, KX N BRIKEE S 55, KFEE N 85 6.86
~12.83 kg N-hm ;766 16 HZE 8 F 20 H, KA KR, % N fE AR, KFEH N &% 195.13 ~231.80
kg N-hm ™2, 5 % N 81 83% ~89% ; Wi ik A B, Xt N R85, X+F RD M RF, BRI N &5 5%
273.65 f1279.2 kg N-hm >, B ZE 5T CK [ 219.95 kg N-hm *(p <0.01) ,

£1 FREENRABRNE
Table 1 N uptake of rice in different growth stages of rice( kg N-hm ~2)

Sb 7 Treatments 06-01 ~06-16 06-16 ~08-20 08-20 ~09-07 B N & Total N uptake
CK 6.86 195.13 4.96 219.95A
RD 11.71 233.46 20.98 273.65B
RF 12.83 231.80 30.25 279.22B
Fl—P P AR AEFRBERE 1% KK BELR Different capitals in a column represent a signicance at 1% level
3.4 HHXMES

Hi%E 2 M1k 3 WAL KRS T, 13 MBN(RUEYE N) 5 HEAHN. £ N2 P AUKBE N 84
1R s T IRNREEA B S8 5 AN AR N B2 B &SR EE AR, TR AU SN 5 138 A%
N.& N. &P FKRER N AR, 1 EE 0 iR 5KE% N 220HEXK.

£2 1 MBN 5HBEAEH N(SIN) (£ N(TN) . £ P(TP) FIKEH N BIAXE,n =42
Table 2 Linear correlations between MBN and soil available N (SIN) (total N (TN) ,total P (TP) and N uptake of rice

K38 Treatments SIN TN TP JKFEH N & N uptake of rice
CK-MBN 0.071 0.160 0.196 -0.220
RD-MBN 0.131 0.214 0.380 " -0.093
RF-MBN 0.124 0.331° 0.290 -0.084
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®3 THEBSTEFARKERNEHHEXE, n=42

Table 3 Linear correlations between soil enzymes and soil nutirtions and N uptake of rice, n =42

e s ™ w FRRMEN Nk o e
CK-UR -0.328" 0.179 0.335° 0.166 -0.383"*
RD-UR -0.374" 0.182 0.124 0.127 -0.356*
RF-UR -0.329° 0.149 0.222 0.157 -0.350"*
CK-DE -0.656"° 0.262 0.014 0.076 -0.404
RD-DE -0.729*°* 0.205 0.044 0.104 -0.313*
RF-DE -0.678 ** 0.309* 0.077 0.010 -0.378
CK-CA -0.053 0.048 -0.171 0.077 0.020
RD-CA 0.120 0.048 -0.150 0.195 -0.099
RF-CA 0.159 -0.127 0.033 0.423** -0.351*
CK-PR -0.203 -0.231 -0.104 0.189 -0.529**
RD-PR -0.291 -0.135 0.010 0.020 -0.430*
RF-PR -0.267 -0.164 0.014 -0.094 -0.373*

UR, [IRE%;DE, PiEB;CA,IELE B ;PR,EHH UR, urease; DE, dehydrogenase; CA, catalase; PR, protease
4 iFig

4.1 FEHETEHEYER NSRS %5 KRBT N BHMHXH

Bl 1 B— A FEEAR AL RS H 433k 8 N iS4, 3 OB LB e N AL
MR, BIKRERSEUS BORT 2 FA (B , L3 b i N msin, (EREE KR K, E YR N BWiE>,
7 A15 B, HEFRBEYEN RE6 B 16 HE69 % (CK) .67 % (RD)F64% (RF);%|8 520 H,+
YR NG FEF, 57 A 15 HAH L, CK.RD I RF 25380 T 11% .37% F140% , 3 MRS M L
Y N ZER TR, JEREE KRB K B I TR, 76 BB B I 9 J B 7T B R KRB AU ME AR K 25
LS, B 1 FI3E 1 WAL RS 2 L KRB IEAL T8, KRS R A THLRE, A K218, 3 1R 40
MR RE S 55 , B e R 3B i3 ) AN T, R B BT AEIISEARRE 250 B8 ER O AR B 4R A
BRMRAR )  BE I A R N FHE . 7OKREE I S, BE KRS A K ST, KAt
BER AR AR, R R AR B A KO, KRS R AR A B R , SUVE MRS BN A
FLAE RS , TR R A SRR B E TR, X 5WAa%EENHRSR -8,
8 H 20 HJF,KRBAT BB, KRB REKBE, 5 1EMEYN RS ESERRS, L IEME YR A
[m 7, B it - S AR 9 N A BT A

Bl 1 A& H,RD 5 RF MEMAEYE N SEBEST CK, X 5WFMANEESL X, BTFHALERE
P SR T 3R e W M FE SR T B AR AR MEAL, B TR 48 S Sh R E RS
BEALE A P IR E R R S A R N SR,

TR N R iR T E i N B, EPIAE HEMEYE N 5851354 N L3R
BN SREKBEMEMELR, HEE YR N A SKB LB MRR R XY, &
WRFER KRB AETH, HEER N2 N AL P 5 HEMEWE N A%, X8 S5KRMAE Y
FOMBEFE L. M EFOR, W, BEYIXT 574 MR & 18 3 S IR , BEKTE AR RHpH K, KFER N
B A3, Tt a5 A R B ) BRI, B 3B T B 9 N & B R 5 L35 0 Bk TR
N &R A
4.2 FEHETEREUASEES HEFS KRBT N B

ME 2.3 #15 WES, E—ES,3 MO TSR SR E A RS AR E KRR BT
FeH, KT /RRGHE 1 4 BE T BUBETE 14 5 06 , LA JS M0 175 1ok W DRI, 7 OER I P B B8 AR, 3 L33 IR
WSS RSN SRR R X TEAREBRE MR, KRR AL TR E IR B, A
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R, B RBAE DR T A HERIE™ o MR AP BERIRI B B B a6, BE B KA A KX R 43 W TR 33,
IKFEER AL TR BRI B B, (2 TREHE M R i . KRR R R R AW BEIE L, £
BRERAEHE T HAE Y BTSSR ™ B B A BB, KRR, BREE, A
SR, TIRME . KR SETH, DRS AR IS MRS A K, B 3 M EEZ R AR, H
BRI H

RD,RF TR RSN EOMEHEERT CK, X R SHBRBEREE XK, HIEREHEENE
BAER, — BT HEaE AN, BFRAKNGEARE T HRFS, WE T HRALEEFRA,
AT L P g B S MR 5 — SRR T KRR R W, AR AR AT
IR A TG ShAR5E BT ST, BRILRMA W8 F A0 A ZE R T R 0 B R i AR R 1O RBKRE R 3R 4019
Wil AR HE KRB IR R, AW 2 , B+ SRR PR

TR IR R — YR RO, W HRIE DA B BRI, TR S IR R B
MR, ARB R (3K 3) DR, RS - IRIREE B S S I N B3 fAE L, T L Ak
SRR AEE S DR N B, BRI B K 1R S M S EMAEaE S -
EEN. 2P AWK, KR, WL TR IRE A S PR/ T LU B 3 3 N B BRBRIR DL R, A3k
3 W LIEH KR N 85 RIRN B S A& A EE URSE, #E— R K R AR K R i A B RS
HR/PHIRERR
4.3 TEHITERHEYE N 5T REE AN

BHSER W, 3843 MR IR T LR R A ™ | R 0 S R A7 A SR B R i - S T
Mo MR, HR3 AN, BEHTEMEYE N 5HEBAEX, XRS5 KB IMEDNFINERE R,
W ERE, KR 2T, KR8 5S4 Y3 57 0 B RUAL T BUTE B0 " RO SC R, R e 0 - SR i T A Py A
15+ R N AR —BBa ™,
5 4ig

(D)FEKTBEETH, TRMEYER N RIVSETHERE, 3T REHA IT B T s el K ot =W
THEMAEYE N 5EEM N, 132 N2 P ZEAFEEEMR; i TABSMEYNFINESF,
FPHTEMEYE N SKRER N AKX Fn, SR, 58 IR0, RE D EmER T RMEYE N,

(2)FEKTE LT, 1 NREE B S BRI 2R S MR B0 SE TG B, i B AL SIS A R 7
H SR, R B2 PR 1 SRR | 0 R 2 S A, T A Ao SR A ST MR TR AN R 5 R SR T 3R
BA, R UR A S 5 R N UM C, IR 5 3R N & PSR HIRIRAE B S B A K
HEHE SRR N 8RB EHK,

G)EAE2ETH, HERMEYE N 5 HRBEAEX,
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